American Indian and Alaska Native women had approximately twice the incidence of cervical cancer as white women. Preventive measures for cervical cancer rely on screening and HPV vaccination. However, vaccine series completion and catch-up vaccinations for eligible adults are low across all racial/ethnic groups. Therefore, the aim of this study was to identify gaps in knowledge and evaluate the attitudes toward HPV and the vaccine among AIANs with various levels of training in the STEM and health-related fields. A survey was used to collect data from audience members at two national conferences geared towards American Indian and Alaska Natives in health and STEM fields in September 2017. A vignette study was administered via a live electronic poll to test knowledge (true/false questions), attitudes, and to collect demographic information. Respondents self-identified as primarily American Indian and Alaska Native (74%), pursuing or completed a graduate degree (67%), and female (85%). Most respondents (86%) were aware of HPV-associated cancer in men. However, most (48-90%) answered incorrectly to detailed true/false statements about HPV and available vaccines. After educational information was provided, opinions collected via vignettes highlighted mainly positive attitudes toward vaccination; specifically, that vaccines are safe and all eligible community members should be vaccinated (75% and 84%, respectively). We observed that our respondents with higher educational attainment still lacked accurate knowledge pertaining to HPV and the vaccine. Overall, continued education about HPV and the vaccine is needed across all levels of education including American Indian and Alaska Native community members and health professionals.
Introduction
Human papillomavirus (HPV) is the most common sexually transmitted infection and is the etiological agent for nearly all cervical cancer cases (Lowy & Schiller, 2012; NCI, 2015) . In 2006, the U.S. Food and Drug Administration (FDA) approved the first HPV vaccine (Gardasil ® 4, Merck) that targeted four HPV genotypes: HPV-6, 11, 16, and 18 (Markowitz et al., 2007) . Currently, a nonavalent vaccine, Gardasil ® 9, was approved for commercial use in males and females aged 9-26 years (Petrosky et al., 2015) . It protects against nine HPV genotypes; 11, 16, 18, 31, 33, 45, 52, and 58 . Individuals who receive Gardasil ® 9 are protected against the HPV types that cause 90% of cervical cancers and genital warts (Joura et al., 2015) .
Despite the available vaccines, approximately 4,100 women still die from cervical cancer every year. In American Indian and Alaska Native (AIAN) women, both cervical cancer incidence and death rate ratios (RR = 2.11 and 1.55, respectively) exceed those compared to white women (Watson et al., 2014) . Therefore, continued efforts are needed to estimate vaccine impact and support delivery of current and future HPV vaccines.
In the early HPV vaccine era (2006) (2007) (2008) (2009) (2010) , attitudes towards cervical cancer, HPV, and the vaccine were assessed in AIAN women, parents/guardians, and healthcare providers to AIANs from both rural and urban communities (Buchwald, Muller, Bell, & Schmidt-Grimminger, 2013; Jim et al., 2012; Schmidt-Grimminger et al., 2013; Toffolon-Weiss et al., 2008) . Overall, these studies showed that many participants were aware of HPV but did not connect HPV infection with the risk of cervical cancer. Barriers to vaccination include common themes such as parental role in vaccinating children, concerns about vaccine safety, age of vaccination, and fear of being in an experimental trial (Buchwald et al., 2013; Jim et al., 2012; Schmidt-Grimminger et al., 2013; Toffolon-Weiss et al., 2008) . However, AIAN perceptions towards HPV and the vaccine were not assessed more recently, specifically, since the introduction of Gardasil ® 9.
Ours is the first vignette-based study to assess the knowledge of HPV and attitudes toward the vaccine in the current era. It also includes a unique convenience sample of highly educated AIAN health and STEM professionals and students. Finally, it utilized a modern automatic response system (ARS) shown to be effective in cancer education among AIANs (Burhansstipanov et al., 2014; Dignan, Jones, Burhansstipanov, & Michalek, 2014) . Unlike traditional surveys, the ARS, a modality used commonly in medical education, delivered immediate feedback and allowed participants to compare their responses with those of other audience members (Orr, Noonan, Whitener, & Schwartz, 2015) . Thus, our study provided continued education about HPV and HPV vaccination among professionals and students that likely serve in various health and STEM capacities across Indian country (Gampa et al., 2017; IHS, 2018; Love, Gardner, & Legion, 1997) .
Methods

Participants and Setting
This pilot study was part of the NIH-funded Native Investigator Development (NIDP) program (grant number P30AG015292) for AIAN NIH-eligible Early Stage Investigators (Manson, Goins, & Buchwald, 2006) . The first author, Lee. was a scholar in the NIDP program during the time of data collection and analyses. Thus, we report a thorough analysis of the pilot data on HPV knowledge and attitudes from a convenient sample of primarily self-identified AIAN conference attendees.
We administered the same 45-minute PowerPoint © presentation (PowerPoint © pdf file available from corresponding author) with an embedded electronic survey to assess knowledge of and attitudes about HPV and the vaccines at both the National Native Health Research Initiative (NNHRTI) conference (NNHRTI, 2018) and the American Indian Science and Engineering Society (AISES) national conference (AISES, 2018) in September 2017, both in Denver, CO. The conference organizers for NNHRTI estimated approximately 150 total attendees over the two-day conference. Meanwhile the estimated attendance at the AISES conferences was 3,000 participants. However, data collection occurred during one of seven concurrent sessions with varying topics and target audiences (AISES, 2017) . The room size at AISES also limited seating capacity to 100 people. Thus, combined with NNHRTI, we estimated a maximum sample of 250 AIAN students, trainees, and professionals in the STEM and health fields.
Vignette Study Description
Briefly, three vignettes were introduced to engage the audience. Vignettes are stories generated from a range of sources including research findings, opinions of professionals in the field, and real-life case histories (Atzmuller & Steiner, 2010; Hughes, 1998) . The vignettes produced a fictional "snapshot" of certain real-life situations regarding HPV and the vaccine in tribal communities (Atzmuller & Steiner, 2010; Orr et al., 2015) . We chose narrative-style vignettes for our audience since this is consistent with the tradition of storytelling within AIAN communities and is easily incorporated in the conference settings (NIH, 2017) . In addition, vignettes offer a third person perspective on sensitive topics that participants may not feel comfortable discussing such as sexually transmitted infections (Gourlay et al., 2014) . In our study, the traditional survey included eight true/false questions regarding knowledge of HPV and the vaccines. Participants responded with their attitudes towards fourteen vignette-related statements using a 5-point Likert scale (strongly disagree, disagree, neither disagree nor agree, agree, and strongly agree).
All survey responses were anonymous and collected in aggregate. Immediately after each survey question, a bar chart of the audience responses were shown on the screen via the Poll Everywhere® ARS (Miller, Ashar, & Getz, 2003) . The ARS allowed the presenter to act as a facilitator between the information and the audience. This is contrary to a traditional paper survey with limited personal interaction and typically less information provided on the survey topic (Sarvary & Gifford, 2017; Stoneking, Grall, Min, Dreifuss, & Spear Ellinwood, 2014; Uhari, Renko, & Soini, 2003) . Though audience members were offered the alternative of a paper survey, none elected this option.
Demographic information from each participant (age, gender identity, educational attainment, and race/ethnicity) was collected. Data on age and educational attainment were captured categorically (age: 18-26, 27-35, 36-45, 46-55, >55 years; education: high school graduate, some college, associate's degree, bachelor's degree, current graduate student, and graduate degree). Each participant could choose up to four race and ethnicity groups (white, non-Hispanic; Hispanic, Chicano/a/x, and Latino/a/x; Native American, American Indian, Alaska Native; Asian; Pacific Islander/Native Hawaiian; African or African American) or "prefer not to say." We allowed for multiple-race responses to be consistent with federal survey requirements despite limitations in data analyses (Goldstein & Morning, 2000; Liebler & Halpern-Manners, 2008) . For example, we could not determine which respondents identified as bi-or multi-racial.
Audience participation in the study was voluntary. However, any audience member who did not participate was welcomed to attend the presentation. Inclusion criteria included age ³18 years. Informed consent was attained by agreement to survey questions. No incentives were provided to participants. This study was approved by the University of New Mexico's institutional review board (HRRC# 17-327).
Statistical Analysis
Data from both conferences were pooled and descriptive statistics include percent, median, and interquartile range. Each true/false question was coded as correct or incorrect and percent correct responses were calculated for each question. Attitudes towards statements for each vignette were ascribed a value from -2 (strongly disagree) to 2 (strongly agree); a value of 0 corresponded to "neither disagree nor agree." We present the median agreement value with interquartile range and percent for each Likert scale category ( Figure 1 ; Table 3 ). A median equal to 1 indicates that 50% of the sample agreed or strongly agreed with the statement; similarly, a median equal to -1 using this rating system indicates that 50% of the sample disagreed or strongly disagreed with the statement. A narrow interquartile range indicates participants were similar in their opinions about a statement. Inferential analyses were not possible because individual responses were not collected, and the sample size was limited. Median and interquartile range were computed using Stata 15.1; the figure was created using R 3.4.0 (Core, 2017) .
Results
The percentages of AIAN only and female respondents were the same at both conferences; 74% and 85%, respectively (data not shown). In addition, the initial analyses showed similar trends in answering T/F and vignette statements between conferences (data not shown). Most responses were collected during the NNHRTI conference (82%) perhaps due its health-specific conference focus and more prominent feature on the agenda. Thus, results from both conferences were pooled due to similarity in demographics and responses A summary of the pooled participants' demographic characteristics appears in Table 1 . A mean value of 77 (range = 64-85) audience members responded to each survey item. Most (74%) self-reported as AIAN only or bi-/multi-racial (AIAN and other). About two-thirds reported their academic attainment as either a current graduate student or already obtained a graduate degree (MS/MPH/PhD/MD/etc.). In addition, 85% self-identified as female and 59% of the participants were aged between 18-35 years. Many of the participants were knowledgeable about HPV and its associations with cancer (Table  2 ). This included knowing that cervical cancer can be treated successfully (92%) if detected early. However, most were less aware of details related to HPV and the vaccine. For example, only 10% of respondents answered correctly to "All warts on the body are caused by HPV." In addition, 22% of respondents correctly rejected the statement that there are (antiviral) treatment options for HPV infections. Only 29% of participants correctly rejected the statement, "The HPV vaccine protects against 9 types that can cause cancer." Finally, only 52% correctly endorsed the statement that "The chance of contracting HPV from the HPV vaccine is zero." A mean value of 75 (range = 69-78) audience members responded to the three vignettes (Table  3 ). The first vignette focused on attitudes towards vaccinating children and identifying potential barriers to or influences on vaccination among young adolescents. Most participants agreed that a ten-year old female "Emma" adolescent (median = 2, 79% agreed or strongly agreed) and male "Scott" (median = 2, 82% agreed or strongly agreed) should be vaccinated (Figure 1a ; Table 3 ). Participants had conflicting opinions about requiring the vaccine for either high school or college students. The median was 0 for both items; however, 45% disagreed while 37% agreed regarding vaccination prior to high school. Similarly, 41% of participants disagreed while 44% agreed about requiring vaccination prior to college. Interestingly, participants generally disagreed with the notion that vaccination would lead to increased sexual activity (median = -2, 91% disagreed or strongly disagreed) or that it would imply parental approval of sexual activity (median = -2, 96% disagreed or strongly disagreed), suggesting that these were not barriers to parental consent for vaccination. The second vignette highlighted the need for cervical cancer screening and HPV co-testing in AIAN elder females along with the lack of available FDA approved testing methods for men ( Figure 1b ; Table 3 ). We saw agreement that women over the age of 50 years should be co-tested (median = 1, 90% agreed or strongly agreed) with an equivalent endorsement for women over 30 years (median = 1, 93% agreed or strongly agreed). However, participants were undecided regarding confidence in results from non-FDA approved HPV tests (median = 0, 30% strongly disagreed or disagreed, 37% neutral, 34% agreed or strongly agreed).
Finally, the third vignette focused on attitudes toward the vaccines (Figure 1c ; Table 3 ). Most respondents agreed the HPV vaccine was safe (median = 1, 75% agreed or strongly agreed) and all eligible community members should be vaccinated (median = 2, 84% agreed or strongly agreed). Higher cost of the newest vaccine (Gardasil ® 9) did not deter their preference for vaccination (median = 1, 84% agreed or strongly agreed). The CDC does not currently suggest re-vaccination with Gardasil ® 9 (Harper & DeMars, 2017; Petrosky et al., 2015) , but respondents agreed that those who did not receive the newest vaccine should be re-vaccinated (median = 1, 30% neutral and 64% agreed or strongly agreed). Finally, respondents strongly agreed (median = 2, 92% agreed or strongly agreed) that AIANs should be included in future vaccine clinical trials.
Limitations
The data analysis was limited to pooled sample sets rather than within-participant analyses. We specifically chose ARS settings that did not link individual-level data to responses to permit anonymous voting. This format potentially eased participants into expressing their attitudes, especially if they were concerned that they might differ from those of the majority (Sarvary & Gifford, 2017; Uhari et al., 2003) , and encouraged greater survey participation in these public settings. This study was also a pilot project that limited the number of conferences the first author was able to attend during the data collection period.
Data from 2011-2016 reported AIANs accounted for only approximately 0.4% of graduate students in the health and sciences (NSF, 2016) . Our sample includes an over-representation of AIAN respondents with high education attainment and provides a unique perspective from a typically underrepresented population. Future studies with larger samples sizes and inclusion of respondents that more accurately represent the general AIAN community will be needed to verify our findings.
Another limitation are the true/false statements used in these ARS-based assessments. They may not reflect subtleties of "true knowledge" among our sample. In addition, our results cannot be compared directly with previous studies that were based on interviews or written surveys and targeted lesssophisticated HPV knowledge. However, future studies aim to utilize a similar vignette-based approach to identify gaps in knowledge and evaluate the attitudes toward HPV and the vaccine among the general AIAN community. We plan to conduct this using a web-based approach with webinars and online data collection. This approach will also increase sampling and broaden the academic experience of the participants. Thus, verifying our findings and more accurately representing the general AIAN community.
Discussion
Our target audience from both conferences had relatively high levels of education attainment (34% with graduate education completed) in disciplines related to health or STEM, and respondents primarily identified as AIAN (74%). Due to the nature of both conferences, attendees were also likely to be in a health or STEM field but were not necessarily physicians. Hence, likely due to previous health knowledge, respondents were aware of the association between HPV and cancer. Most (77%) answered correctly to the true/false statement that "HPV is the most common sexually transmitted infection" and 86% knew that "HPV can cause cancer in men." Our findings were comparable to a previous study with IHS healthcare providers, race not reported, in which a majority also correctly answered true/false questions on HPV knowledge (Jim et al., 2012) . By contrast, in a separate study among AI women from South Dakota, only 41-50% of the AI women knew that HPV is a common infection and just 16% knew that HPV can cause cancer of the penis in men (Buchwald et al., 2013) . Thus, as expected given education status and subject matter expertise, participants in our study sample were more knowledgeable regarding HPV compared with community samples from South Dakota.
Public knowledge and awareness about HPV are generally low among racial/ethnic subpopulations (Lai et al., 2017) . However, the expected high levels of education attainment for our sample suggested that it may be more appropriate to test the knowledge of our study population with statements that reflected more advanced knowledge of HPV and the vaccines. For example, while it is generally understood that genital warts are associated with HPV, it is less commonly understood that HPV also causes both anogenital and other subcutaneous warts. Therefore, we asked participants whether all warts (i.e., anal, genital, subcutaneous) were caused by HPV, with only 10% of participants correctly responding "yes". This limited knowledge was unsurprising, since 46% of IHS healthcare providers from a previous study were also similarly unaware of the HPV subtypes associated with genital warts and those that cause cervical cancer (Jim et al., 2012) . These findings are concerning since skin-to-skin contact (including sexual intercourse) from infected areas is the main route of transmission for HPV infections (Gravitt & Winer, 2017) , and this misinformation may be transmitted to community members.
We also found that treatment options for HPV infections were not clearly understood among the respondents. The statement "Some HPV infections can be effectively treated with medications" was derived from a previous study that used "There is a cure for HPV infections" (Buchwald et al., 2013) . Correct responses were low for both our study (22%) and the previously reported AI female sample (23-35%) (Buchwald et al., 2013) . Thus, the common misconception that medical treatment options were available for HPV infections still persists. This misperception may limit a sense of urgency regarding the need for prevention by HPV vaccination to improve health outcomes linked with infection. The lack of therapies following HPV infection should be a focus of future educational efforts.
AIAN participants in previous studies requested more educational material on the HPV vaccine . Since Gardasil® 9 is now the only commercially available vaccine, we tested knowledge on its composition and safety. Although Gardasil® 9 does protect against nine HPV types, seven of these are associated with cancer, the other two cause warts. Only 29% of audience members knew that not all nine HPV types in the vaccine can cause cancer (Table 2) .
Focus groups in the Northern Plains that included tribal health providers, IHS providers, and AI young adult women aged 19-26 years, identified several concerns related to vaccine adverse effects and the misperception that the vaccine, itself, could cause cervical cancer . Therefore, we included one item to assess knowledge of vaccine safety: "The chance of contracting HPV from the HPV vaccine is ZERO." Approximately half of the audience members answered correctly to the statement (Table 2) . Thus, our findings indicate further education is needed among health care professionals and students that serve the AIAN community on HPV vaccine composition and safety.
Age of vaccination and availability for men were other concerns among the focus groups in the Northern Plains . Gardasil® 9 is approved for both males and females aged 9-26 years. However, certain findings indicate that parents were more hesitant to vaccinate children under the age of 13 year as compared with older teens (Buchwald et al., 2013) . Respondents in our study mostly agreed that both ten-year old male and female adolescents should be vaccinated (Figure 1a , Table  3 ). In addition to age, among IHS providers, barriers for vaccinating their patients included parental views such as negative perceptions about HPV and the possibility of increased sexual promiscuity after vaccination (Buchwald et al., 2013; Toffolon-Weiss et al., 2008) . However, these were not seen as barriers in our study (Figure 1a , Table 3 ). Interestingly, 85% of our highly-educated scientific meetingbased sample was female, suggesting the need to engage males in future vaccination education, noting both the public health benefit as well as disparities in HPV-associated oral cancers impacting males (Sonawane et al., 2017; Viens et al., 2016) .
The source and race of the individual from which AIANs receive vaccine education may influence their adherence to receiving the vaccine (Lai et al., 2017) . Common sources for education include the media, print materials around the community, and AIAN female relatives (Jim et al., 2012; Schmidt-Grimminger et al., 2013) . More recently, there were efforts to develop culturally relevant educational materials about HPV for AIAN communities (AASTEC, 2009; GPTEC, 2018) . Previous studies showed that race of the individual may also influence medical adherence due to general mistrust of medical and pharmaceutical professionals Toffolon-Weiss et al., 2008) . In our study, the presenter was an AI biomedical researcher whose research focused on two fields of study; vaccine development and infectious diseases affecting AIAN communities. In addition, our study emphasized HPV and cancers in AIAN communities including recent data collected from a Great Plains tribal community. Although we do not feel race negatively influenced their responses, for many this would be the first time learning about HPV and the vaccine from an AI biomedical research professional. Therefore, their positive attitude towards vaccines and involvement in future clinical trials may have been enhanced by trust between the presenter and the audience.
Conclusion/s
Our unique population and methods for gathering data highlighted the need for continued education on HPV, the vaccine, and cervical cancer across all educational levels in AIAN communities. In particular, continued education was needed among health and STEM professionals that were likely to return to their communities as future providers or healthcare workers. Additional education about HPV and HPV vaccination may help eliminate unnecessary obstacles to HPV vaccination and ultimately reduce both cervical cancer prevalence and death rates among a population with known cervical cancer disparities. We hope these findings will help current HPV vaccine programs to better educate AIAN community members, health care providers, and policy makers.
